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In the course of experiments planned to study the relationship be- 
tween vitamin E and reproduction in the guinea pig, it was discovered 
that the animals did not survive long enough on the chosen diet for 
breeding experiments to be carried out, and that they developed an 
extreme degeneration of the voluntary muscles without obvious lesions 
in the other organs.  The diet was one composed of natural foods, in 
which the vitamin E had been destroyed by treatment with ethereal 
ferric chloride, according to  the method of Waddell and Steenbock 
(1).  However, it was later found that the addition of vitamin E  to 
the ration did not prevent the lesions;  nor was  the ethereal ferric 
chloride  treatment  necessary for their  production.  Although  the 
factor responsible for the muscular dystrophy has not yet been de- 
termined, we have been able to eliminate known causes of degenera- 
tion of muscle fibers,  such as starvation,  infection, and scurvy.  A 
similar disorder was readily induced in rabbits by the use of the same 
diets, but rats appeared to be insusceptible. 
While  comparable lesions  have  been  described as  accompanying 
other disorders, a generalized and apparently primary degeneration of 
the entire voluntary muscular tissue has not hitherto been produced 
by dietary means. 
i Some of  the data in this paper are taken from a  dissertation submitted by 
Marianne Goettsch in partial fu16|ment of the requirement for the degree of Doc- 
tor of Philosophy, Columbia University, 1930. 
This work was aided by the Research Grant from the Chemical Foundation to 
the Department of Biological Chemistry. 
8 A preliminary report was presented at the March, 1930,  Meeting of the Society 
for Experimental Biology and Medicine. 
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Preparation of the Diet 
The diet "was prepared  as follows: 
Diet  13 
Rolled oats (Quaker) ....................................  355 parts 
Wheat bran (Pillsbury) ..................................  180  " 
Casein (Merck technical) ................................  75  " 
Lard ..................................................  80  " 
Cod liver oil (Mead, Johnson) ............................  10  " 
NaC1 ..................................................  10  " 
CaCO~ .................................................  15  " 
10 gin. of ferric chloride, u.s.P, lump, was taken up in about 125 cc. of ether and 
a little water, and the solution poured over the above ingredients.  The mass was 
shaken in a closed container  and allowed to stand for about half an hour.  The 
contents were emptied  upon a  tray and the ether allowed to evaporate,  usually 
overnight.  Finally  there was added: 
Skimmed milk  powder  (Merrell-Soule)--275  parts. 
Diet 11 was similar to Diet 13 except  that the treatment with ethereal  ferric 
chloride was omitted.  The diets  were freshly  prepared  every 2 to 3 days and 
were always consumed within 7 days.  Diet 13 possessed an acrid odor as described 
by Waddell and Steenbock (1) in their vitamin E-deficient diet. 
Each guinea pig was given daily by pipette 3 or 6 cc. of orange juice. 
Diet 13 was calculated to contain 3.7 per cent of roughage, to have a nutritive 
ratio  of  1:3.6, with  two-thirds  of the proteins  supplied by milk products, and a 
calcium-phosphorns ratio of 1.62 : 1.  Vitamins A and D were supplied by the cod 
liver oil, B and G by the grain and milk products, and C by the orange juice.  The 
vitamin E  content was purposely  reduced  to a  minimum.  The description  of 
control experiments with Diet 13 carried out upon rats will follow in a later section 
of the paper. 
Effect of Diet 13 upon Guinea Pigs 
Guinea pigs that had been born in the laboratory were used in the 
present  experiments,  and upon weaning at  21  days, they were given 
Diet  13 with lettuce ad lib.  and orange juice.  After about  10  days, 
when they had become more or less accustomed to the new diet,  the 
greens  were  discontinued.  Other  groups of guinea  pigs  were  given 
either Diet 11, or a stock diet of oats, bran, and greens. 
The  rate  of  growth  for  the  first  month  or  two  was  good for  all 
groups.  After the animals had attained a  weight of about 400 gin., 
there was a  sudden cessation in the growth of the animals on Diet 13; 
this was accompanied by general flabbiness, and it was observed that 
the guinea pigs had difficulty in righting themselves if they were placed M. GOETTSCH  AND  A. M. PAPPENHEIMER  147 
on their back.  During the following month, a  constant weight was 
usually maintained, after which the guinea pigs went into rapid de- 
cline for 2 or 3  days and suddenly died.  A  few of the animals re- 
covered spontaneously from the flabbiness, made a  moderate gain in 
weight, remained stationary at a higher level, and died.  The terminal 
loss in weight was often as great as 15  to 20 per cent of the mainte- 
nance weight. 
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CHAgT 1.  Typical growth curves of guinea pigs on Diet  13 and 3 or 6 cc. of 
orange juice daily. 
A.  Composite  growth curve of 770 normal male guinea pigs from data of Wright 
(2). 
B.  Composite  growth curve of three males and four females on the stock diet of 
oats, bran, and greens. 
The average survival period was about 90 days but there was great 
individual variation, as is shown in Table I.  Two guinea pigs died 
after only 35 and 37 days on the diet, while two others lived for 186 
and 218 days.  Litter mates were found to vary as much as others in 
this respect.  The group on stock diet showed no break in the growth 
curve and continued to increase in weight steadily. 
Typical growth curves of guinea pigs on Diet 13 are illustrated in 
Chart 1.  In Chart 2, the growth curve of Female 53 is shown in de- 148  NUTRITIONAL  M'USCULAR DYSTROPHY 
tail.  This guinea pig lived for 186 days on Diet 13.  Estrus, indicated 
by the letter E, is seen to have occurred regularly at the normal in- 
tervals of 16 to 18 days,  (Stockard and Papanicolaou (3)) even when 
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CH~T 2.  Growth curve and estrous rhythm of Guinea Pig  ~ 53 on Diet 13 and 
3 cc. of orange juice daily.  Letter E indicates estrus. M. GOETTSCH  AND  A. M, PAPPENHEIMER  149 
the  animal  had  begun  to  show  definite  symptoms.  The  estrous 
rhythm was generally normal in the guinea pigs on Diet 13 as well as 
on Diet  11.  Further studies upon reproduction were impossible on 
account of the early death of the animals.  Males reared on Diet 13 
showed, at autopsy, normal-looking motile sperm in smears from the 
epididymis, although one had been on the diet as long as 218  days. 
Pathological Changes 
Gross Appearances.--While most  of  the  animals  were  killed  and 
autopsied when apparently on the point of death, a few were sacrificed 
before the cessation of growth.  Of the 30 experimental guinea pigs, 
all  but  three  showed  striking  macroscopic changes in  the  skeletal 
muscles.  The muscles of the thigh and abdomen were particularly 
abnormal, although the muscles of the back and the extremities, the 
diaphragm,  and the intercostal muscles were involved.  They were 
atrophied,  pale,  with a  yellowish or yellowish brown color, and less 
translucent  than  those  of  the  controls.  Sometimes they appeared 
gritty and  streaked as  though calcified or infiltrated with  fat.  In 
addition  to  their  abnormal  appearance,  the muscles had lost  their 
irritability  to  mechanical  stimulation  and  failed  to  contract when 
severed. 
In contrast to the wasting of the skeletal muscles, the subcutaneous 
adipose tissue and that within the peritoneal cavity were often strik- 
ingly abundant,  an  indication  that the fall in weight was at the ex- 
pense  of  the  muscle rather  than  of  the  fat.  No  gross  changes of 
significance were noted in the internal organs.  The heart was normal. 
The lungs in some animals showed areas of pneumonic consolidation, 
in others were well aerated and of normal appearance.  The liver in 
the  majority  of  animals  showed  fat  infiltration.  The  spleen  was 
small,  firm,  and  brownish.  The  kidneys,  adrenals,  genitalia,  and 
gastrointestinal tract were normal. 
Microscopic Lesions.--The  pathological  changes  of  significance 
were restricted to the striated skeletal muscles of the trunk and ex- 
tremities, in which the lesions were profound, widespread, and charac- 
teristic.  In guinea pigs, practically every voluntary muscle, including 
the diaphragm, was affected to a varying degree with the exception of 
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the  end.  The  muscles  examined  as  routine  were  the  quadriceps 
femoris,  the  adductors  of  the  thigh,  the  pectorals,  the  abdominal 
muscles,  the diaphragm,  and the masseter.  At various times,  blocks 
were taken from many other muscles as well. 
The histological changes depend somewhat upon the stage of the disease,  but 
the essential and primary lesion is a coagulative necrosis of the muscle fiber, pre- 
senting the familiar picture of waxy, hyaline, or Zenker's degeneration  (Fig.  1). 
This is followed by reactive cellular multiplication with attempts at regeneration. 
Many of the necrotic fibers become resorbed and their  place taken by fat and 
connective tissue.  The late stages, as will be shown, resemble closely the changes 
seen in progressive muscular dystrophy of man. 
While all the muscles examined showed these degenerative lesions to a greater or 
lesser  degree,  the muscles were  not  always uniformly affected,  certain bundles 
being but slightly involved, while in others almost 100 per cent of the fibers were 
necrotic. 
The earliest change in the fiber is shown in the appearance of transverse ridges 
or contraction bands,  in which the striations  are brough more closely together. 
The  discs become disarranged  and  lose their  individual  identity  to fuse  into a 
swollen hyaline mass.  Fibers cut in their long axis may show a succession of more 
or less globular hyaline masses (Fig. 1), between which the sarcolemma is collapsed~ 
containing  only  granular  detritus.  The  sarcolemma  nuclei  are  displaced  and 
distorted, and tend to become oriented at right angles to the long axis of the fiber; 
subsequently they undergo karyorrhexis and may disappear completely. 
Preparations from many of the animals were obtained in this stage, before any 
marked cellular reaction had occurred.  In most instances, however, side by side 
with the necrobiotic changes, there was found an active multiplication of cellular 
elements  with  numerous  mitoses.  The  cells  have  deeply  staining  oval nuclei, 
and a rather small amount of purplish cytoplasm.  They lie in clefts in the coagu- 
lated and necrotic muscle substance, and may completely fill the original sarco- 
lemma  sheath.  The  cylindrical columns of closely packed  cells  constitute  the 
"Muskelzellenschlai~che"ofWaldeyer(Fig.  2).  The origin of these cells, whether 
from invading histiocytes or from the division of the uninjured muscle nuclei with 
their surrounding sarcoplasm, has been often discussed.  Reference may be made 
to the excellent studies of Forbus (4), who by means of preliminary vital staining, 
was able to distinguish the invading phagocytic histiocytes, which aid presumably 
in the removal of the necrotic material, from the proliferating muscle nuclei, which 
are concerned in the regeneration of new fibers. 
It has seemed to us that the majority of the mononuclear cells making up the 
"Muskelzellenschlaiiche" were derivatives of the muscle cells themselves, although 
we have occasionally observed the invasion of the dead fibers by polymorphonu- 
clear leucocytes (Fig. 3).  Many of them, as Forbus and others have pointed out, 
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selves in rows, and by the development of myofibrils on their surface, give origin 
to regenerating muscle fibers (Fig. 4).  Because of their basophilic  staining,  such 
young regenerating fibers are easily distinguished from the persistent original fibers 
which have escaped destruction.  In many of our  preparations, there is a conspicuous 
formation of large  multinucleated plasmatic masses,  lying against  the necrotic 
remains of the muscle substance (Fig. 5).  Calcification of fibers was occasionally 
seen (Fig. 6). 
It has been stated that in the more chronic cases, only occasional necrotic fibers 
were to be seen, but the remaining fibers were often atrophic and widely separated 
by strands of cellular connective tissue or by fat.  These muscles with replacement 
fibrosis and lipomatosis closely resemble those of progressive muscular dystrophy 
in man (Fig. 7). 
The pathological changes described above are definitely restricted 
to  the  striated  skeletal muscles.  The myocardium and  the  smooth 
muscle fibers of the intestine,  bronchi, blood vessels, and uterus  are 
entirely unaffected. 
As regards the question whether the degeneration of the muscles is 
primary, or secondary to alterations in the nervous system, it may be 
said  that  the  spinal  cord and  peripheral nerves show no  significant 
changes.  While  the  nervous  tissues  have  not  been  systematically 
examined in all cases, sections have been made in sufficient number to 
show  clearly that  the  disease  of the  muscles  is  not associated with 
degeneration of the ganglion cells of the central nervous system nor of 
the peripheral nerve trunks.  Even in muscles  showing extreme de- 
struction of the great majority of the fibers, the small intermuscular 
nerves present  no  recognizable  alteration.  4  There  still  remains  the 
possibility that  the first injury falls upon the motor end plates;  this 
needs  further investigation. 
That the muscle lesions may develop very rapidly is indicated by 
the following observations: 
Guinea Pig 101, male.  Born Dec. 16, 1929.  Weaned Jan.  12,  1930.  Diet 13 
plus 6 cc. of orange juice started on Jan. 22, 1930.  On  Mar. 24th, after having 
been 61 days on the diet, a piece of adductor muscle was excised from the right 
thigh.  Two blocks examined showed practically no abnormal fibers: near the edge 
4 We are indebted to Dr. W. M. Rogers of the Department of Anatomy and to 
Dr. Abner Wolf of the Department of Pathology for silver preparations of our 
material which demonstrate the integrity of the terminal nerves in severely degen- 
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of the section was a single muscle cell column.  On the 75th day, at which time 
the decline in weight had begun and distinct symptoms of muscular weakness had 
become manifest,  another muscle  specimen was excised from the left adductor. 
The lesions were now marked: there were numerous necrotic fibers and much cell 
proliferation. 
The animal died on the following day, and was found to have most intense 
lesions of all the muscles examined. 
In this animal,  therefore,  there is evidence that the alterations in the muscle 
lesions occurred only during the last 2 weeks of life. 
In several other animals,  the progress of the disease was followed by removing 
pieces of muscle for microscopic study at various times after beginning the experi- 
mental diet.  The rather abrupt onset of the muscle  lesions was  again noted. 
Thus in Guinea Pig 107, specimens obtained on the 36th and 49th days showed no 
lesions.  On  the 65th day, there were occasional necrotic fibers, with moderate 
multiplication  of the muscle  nuclei.  On  the  78th day,  the  lesions  were  very 
marked.  There were numerous necrotic and segmented fibers, and great prolifera- 
tion of the muscle nuclei.  The animal died on the 108th day and showed advanced 
changes, with much fibrous and fatty replacement of the degenerating muscles. 
Microscopic Changes in Other Organs and Tissues.--The myocardium 
was unaltered.  The lungs,  in a  large proportion of the guinea  pigs 
and rabbits were the seat of a  bronchopneumonia of varying extent, 
often associated with areas of atelectasis.  In a number of the animals, 
the  lungs  were normal.  The liver frequently exhibited  a  moderate 
degree of fat infiltration.  The spleen was small and brownish; it con- 
tained hemosiderin deposits in the pulp in definitely increased amount. 
None  of the other viscera,  including  pancreas,  adrenals,  kidneys, 
gonads showed changes to which any importance could be attached. 
As might be anticipated, the deficiency in vitamin E  did not inhibit 
spermatogenesis,  the duration of the survival period being too short 
for this. 
Summary 
A  general oversight of our material is given in Table I.  Of thirty 
guinea pigs on Diet 13, eight were not studied microscopically; how- 
ever,  six  of these  presented  the symptoms and  gross  changes which 
were later recognized as characteristic and the  remaining two mani- 
fested symptoms,  but  no  gross  lesions  were  noted.  The  remaining 
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Effect  of Diet  13  upon  Rabbits 
Two rabbits, Nos.  1 and 3, born in the laboratory,  were placed upon Diet  13 
with 6 cc. of orange juice daily, when they were 4½ weeksofage.  Theymaintained 
TABLE  I 
Showing  the  Effect  of Diet  13  upon  Guinea  Pigs 
Extent  of muscle lesion 
Guinea pig  Days on  Lung 
diet  infection  Remarks 
Gross  Microscopic 
C 
9 
9 
C 
C 
9 
o  ~ 
9 
9  62 
9  63 
C  68 
9  72 
9  74 
9  80 
81 
9  85* 
o  ~  86* 
o  ~  93 
o  ~  101 
C  104 
o  ~  107 
C  109 
110 
C  113 
115 
o  ~  116 
C  119 
9  123 
52  76  Normal  Not examined  +++  Moribund, killed 
53  186  ++++  ++++  +  .... 
54  97  ++  ++  Normal  "  " 
55  119  ++  Not examined  "  '4  '4 
56  48  ++  ....  +  "  " 
57  122  ++  ++  !Normal  "  " 
58  122  ++  +++  +  "  " 
59  133  +  +  +  +  +  Normal  "  " 
60  77  +++  Not examined  +++  "  " 
61  110  ++  "  "  +  Died 
134  ++  ++++  Normal 
92  +++  Not examined  " 
63  +++  +++  + 
72  +  +  +  +  Normal 
98  +  ++  ? 
58  +++  +++  + 
55  +  +  +  +  +  +  Normal 
58  ++  +++  + 
35  +  +  +  +  +  Normal 
40  Normal  Not examined  " 
77  +++  ++++  + 
24  +  Not examined  +++ 
85  +  +  +  +  Normal 
218  ++++  ++++  " 
131  +  ++++  " 
51  +-b-t-  +q--b+  q-q- 
137  +++  ++  Normal 
76  q-q-  +q-q-  + 
133  ++  ++  + 
37  +++  ++++  .  Normal 
Moribund, killed 
Died 
"  ,  advanced p.m. changes 
Moribund, killed 
Biopsy 
Moribund, killed 
¢¢  44 
4~  4¢ 
Died, advanced p.m. changes 
¢4 
"  , advanced p.m. changes 
¢4 
Moribund, killed 
Died, advanced p.m. changes 
Moribund, killed 
¢4  4¢ 
¢4  ¢4 
¢4  44 
44  ¢4 
* Whole wheat substituted for bran in Diet 13. 
their weight  and even grew  to some extent for 12 days, then lost the use of their 
muscles completely, and were killed and autopsied 2 and 4 days later.  The muscles 154  NUTRITIONAL MUSCULAR DYSTROPHY 
were small, extremely pale, and without irritability.  Five older rabbits, weighing 
from 385 to 730 gin., were also given Diet 13 with orange juice.  They survived for 
a  longer  time, but after 24 to 50 days became prostrated  and  upon  autopsy 
showed  marked  macroscopic  changes  in  the  voluntary  muscles.  The  other 
organs apparently were normal. 
The muscle lesions in rabbits  are essentially the  same  as  those in 
guinea pigs.  They are in general more rapid  in  their development; 
extreme lesions have been noted as early as 15 days after the institution 
of the diet.  The masseter shares in the general muscular degenera- 
tion, and there is greater tendency for the necrotic fibers to become 
TABLE II 
Skowing the Effect of Diet 13 upon Rabbits 
Weight at 
Rabbit  beginning  o: 
__  experiment 
gttL 
1  335 
3  340 
4  450 
5  425 
c,"  10  730 
11  490 
12  385 
Days on 
diet 
14 
16 
5 
24 
50 
27 
27 
Extent of muscle lesion 
Gross 
+++ 
+++ 
Normal 
++ 
++ 
Normal 
+ 
Microscopic 
++++ 
++++ 
+ 
+++ 
++ 
Slideslost 
+++ 
Lung 
infection 
+ 
+ 
Normal 
+++ 
+++ 
Remarks 
Moribund, killed 
Died 
Moribund, killed 
Died 
Moribund, killed 
Died 
calcified.  We  have  noted  no  other  differences in  reaction  between 
rabbits and guinea pigs. 
The experiments with rabbits are summarized in Table II. 
Failure of Rats to Develop Muscular Dystrophy on Diet 13 
Rats reared on Diet 13 gave no symptoms of the muscular dystrophy 
characteristic of guinea pigs  and  rabbits,  although  they were main- 
tained  on  the  diet  for more  than  a  year.  Some of the young from 
mothers on Diet  13 were continued on the  diet until  they were old 
enough to be bred.  They are listed as second generation in Table III. 
Young from second generation rats were likewise continued on the diet 
and  formed the  third  generation.  A  detailed  microscopic  study  of 
muscles from a  second generation rat, killed at 30 days, revealed an M.  GOETTSCH  AND  A.  M.  PAPPENI-I'EIMER  155 
occasional necrotic  fiber,  while  three  stock  controls of the  same age 
were normal.  Two third generation rats, young from B361  of  Table 
III, were killed at 4 months and were found to have muscles that were 
entirely normal. 
Discussion of Possible Factors 
Before attributing these widespread changes in the muscular system 
to any specific characteristics in the  diet,  one should  exclude,  if pos- 
sible,  certain  well  recognized  causes  of  muscular  degeneration  and 
these may be briefly discussed. 
1. Starvation.--In  the  terminal stage of the muscular dystrophy there is,  as 
has been shown,  a  rapid loss of weight.  With  the increasing  muscular paresis, 
there is often inability to take food.  It has been shown by Kremer (5), that long 
continued fasting in the hibernating frog leads to extreme muscular necrobiosis, 
associated with excessive  multiplication of muscle nuclei.  The illustrations  in 
Kremer's article can be duplicated in our material.  While a few days of partial 
inanition should not be expected to result in comparable change, it was thought wise 
to control this possibility by a limited number of starvation experiments. 
An adult guinea pig, No. 1, was given only water and 6 cc. of orange juice daily 
for a period of 12 days, during which  the weight declined  from 1060 to 840 gin. 
Sections  of masseter, quadriceps femoris, pectoralis, diaphragm, and adductors of 
the thigh showed complete absence of degenerative or necrobiotic changes. 
Guinea Pig 31 was fasted for 11 days under similar conditions,  the weight de- 
dining from 880  to  715  gin.  Again no significant  changes were found in  the 
voluntary muscles. 
It seems evident, then, that in spite of the  rapid  loss of weight,  amounting to 
18 and 21 per cent of the original  body weight,  the muscular lesions  cannot be 
ascribed merely to  inanition.  The preservation of the  adipose tissue  even in 
cases showing extreme muscular degeneration is additional evidence that we are 
not dealing merely with the effect of inanition. 
2. Infection.--All  the rabbits and half the guinea pigs died with a  terminal 
bronchopneumonia.  Whether the powdery diet, unnatural for animals normally 
subsisting on coarse vegetable food,  was a  contributory factor, or whether the 
weakness of the diaphragm and intercostals also predisposed, cannot be stated. 
Zenker's degeneration, especially of the rectus abdominls, but also of other mus- 
cles, is a common accompaniment of typhoid fever, pneumonia, and influenza in 
man.  The question therefore must be answered as to whether the muscle changes 
in  the  experimental animals were related  to  the pneumonia or other  terminal 
infection. 
Tiffs possibility can be very definitely  excluded.  Many of the guinea pigs in 
this and subsequent experiments (see Table I) and Rabbits 15 (Table IV) and 19 156  NUTRITIONAL  MUSCULAR  DYSTROPHY 
(Table V) died with normal lungs, and without any indication of infection in other 
organs.  Pieces of muscle have been excised and found to show lesions at a  time 
when there was little or no loss of weight or other evidence of illness.  Furthermore, 
we have studied as control, muscles from several rabbits with experimental pneu- 
mococcus pneumonia, or with general pneumocoecus septicemia,  5 and have found 
no similar lesions. 
3.  Scurvy.--Inasmuch  as several workers, notably HSjer (6), Meyer and Mc- 
Cormick (7), Dalldorf (8) have reported the occurrence of hyaline necrosis of the 
muscle fibers in the experimental scurvy of guinea pigs, it seemed highly important 
to be certain that our animals were not suffering from latent scurvy.  Sherman 
(9), using as criterion of scurvy looseness of teeth, fragility of bones, enlargements 
and hemorrhages of joints and rib junctions, obtained complete protection with 
a  daily addition of 1.5 cc.  of  orange  juice for a  period of 90 days.  H6jer  (I0) 
devised a method for assaying vitamin C based upon the microscopic alterations in 
the odontoblasts and dentine of the incisor root after 10 to 14 days on the diet. 
Goettsch and Key (11), comparing this test with Sherman's, found that 3 cc. of 
orange juice daily was needed for complete protection, and Eddy (12), using the 
same technique, arrived at a  similar quantitative result.  Dalldorf and Zall (13) 
found slight scorbutic lesions in the incisor roots with 5 cc.  Using the rate of tooth 
growth as a test, they found that 5 cc. was not quite adequate, and that "for short 
periods and conservative diagnosis, 7 cc. might be considered protective.  ''8 
On the basis of the evidence of previous workers, it might be assumed that the 
addition of 3 or 6 ce. of orange juice daily should protect against the gross mani- 
festations of scurvy, although it might not give complete protection if the micro- 
scopic alterations of the teeth or their rate of growth are taken as adequate criteria. 
The generally recognized evidences of scurvy were not present in our animals. 
Hemorrhages were never seen, either in the vicinity of the joints or elsewhere, 
even in animals showing the most advanced and universal muscle changes.  Micro- 
scopic section of the ribs showed not the slightest evidence of scurvy, osteogenesis 
being active,  the  marrow  free from fibrotic changes,  and  hemorrhages  absent. 
While the teeth have not been studied in all cases, sections from animals with 
advanced muscular lesions have shown in a number of instances (Fig. 8), normal 
incisor roots.  ~  Finally, the production of identical muscular changes in rabbits, 
which are notoriously resistant to experimental scurvy, makes it highly improbable 
that the muscular lesions are due to a deficiency in vitamin C. 
4.  Possible Deficiencies of Diet 13 in Other Vitamins.  Vitamin A.--That the 
vitamin A  content of Diet 13  was not destroyed by the ethereal ferric chloride 
5 We are indebted to Mrs. Frances M. Weld for placing these animals  at our 
disposal. 
Personal communication  tom Dr. Dalldorf. 
We wish to express our thanks to Professor Charles BSdecker of the School of 
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treatment, was proved: first, by the fact  that histological sections of epithelial 
tissue from guinea pigs reared on the diet revealed none of the keratinization  de- 
scribed by Mori (14) and Wolbach and Howe (15), as typical of vitamin A deficiency; 
and secondly, by the failure of rats reared on the diet to show in their estrous 
cycles, the prolonged period of "cornified" cells shown by Evans and Bishop (16) 
to be associated with lack of vitamin  A. 
TABLE  III 
The Effect of Diet 13 on Female Rats 
Showing the occurrence of resorptions, typical of vitamin  E deficiency, and their 
cure by the administration of substances containing  E. 
2nd gestation  Gestation following resorption 
Rat 
W47 
W57 
W64 
W65 
W66 
W233 
W281 
BH298 
W350 
B361 
B362 
B363 
B364 
B365 
W366 
1st gestation 
Genera- 
tion  [  R.B.C.* 
Ist  + 
1st  + 
1st  + 
1st  + 
Ist  + 
1st  + 
1st  + 
1st  + 
1st  + 
2nd  + 
2nd  + 
2nd  + 
2nd 
2nd 
2nd 
i 
No. of young 
5 
0 
2 
6 
2 
1 (dead) 
5 
6 
0 
5 
5 
4 (1 dead) 
Never mated 
+  0 
R.B.C. ]  No.  of  young 
+  0 
+  0 
+  0 
+  0 
+  0 
+  4  (2  dead) 
+  0 
+  0 
+  0 
+  0 
Curative substance 
Diet I1 
"  11 
Diet 11 
550 rag. W.G.O. 
550  " 
550  " 
550  " 
550  " 
R.B.C.  No. of 
young 
+  S 
+  9 
+  9 
+  0 
"  +  9 
"  +  0 
"  +  5 
"  +  5 
* R.B.C.  +  indicates successful implantation. 
Vitamin D.--That there was sufficient vitamin D  in the diet  was indicated 
b~y the fact  that neither rabbits nor rats,  including second generation aninmls, 
showed rickets in the course of these experiments.  Rickets has never been ~bserved 
in guinea pigs. 
Vitamins B  and G.--The amount of vitamins B and G necessary for guinea pigs 
and rabbits is not known.  However, since the diet contained an adequate amount 
of B and G for the rat, and since the guinea pigs and rabbits were free from any 
evidences  of polyneuritls  or dermatitis, it seems improbable that a deficiency in these 
factors entered into the problem. 158  NUTRITIONAL  MUSCULAR  DYSTROPHY 
The Deficiency in Vitamin E 
That Diet  13  was  deficient  in vitamin E  content,  as planned,  was 
proved by the following experiments with rats: 
Rats Both male and female, when reared upon Diet 13, responded to the tech- 
nique  of Evans and  Burr  (17) in a way typical of vitamin E  deficiency.  Five 
males after an initial period of fertility, were unable to sire  litters after 200 to 250 
days on the diet.  Upon autopsy, after 230 days, two functionally sterile males 
sho~ed,  in  smears from  the  epididymis,  histologically  normal  spermatozoa,  a 
few of which were motile.  In smears from the other three males after 420 days 
on the diet, there were found either no sperm at all, or many dead atypical ones. 
Three litter mate control rats upon untreated Diet 11  retained their fertility as 
judged by functional tests, and at 420 days had normal motile sperm. 
Table III shows the reproductive history of thirteen female rats on Diet 13, 
that were bred at the age of 3 months.  Three rats had typical resorption of the 
embryos during the first gestation, nine had "first litters" followed by resorptions 
in subsequent pregnancies,  and one had two litters.  Following resorptions, cures 
were attempted with Diet 11 as well as with a known source of vitamin E, wheat 
germ oil.  As is shown in Table III, three females were successfully cured by giving 
them Diet 11 throughout the trial gestation period and three of five females were 
cured by the administration of 550 rag.  of wheat germ oil on the day of positive 
mating. 
Thirty young rats from mothers that had been reared and maintained on Diet 
13 during gestation and lactation, did not suffer from the paralysis sometimes shown 
by young from mothers on a vitamin E-deficient diet during lactation (Evans and 
Burr (IS)). 
Elimination  of Vitamin E  as a Factor in  the Production of 
Muscular Dystrophy 
Since Diet 13 was originally planned and subsequently proved to be 
deficient  in  vitamin  E,  it  was  necessary  to  ascertain  whether  the 
muscle lesions in guinea pigs and rabbits might be a  hitherto  unrec- 
ognized  effect  of  a  deprivation  in  this  factor.  This  question  was 
approached in three ways:  (1) by supplementing Diet 13 with vitamin 
E  in the form of tested wheat germ oil, (2) by placing the animals on a 
vitamin E-low diet made up of simpUfied foods, such as was used by 
Evans and Bishop in their  experiments upon rats,  and  (3)  by giving 
the  Diet  13  without  ferric chloride  treatment  (Diet  11).  The  last 
experiment also served to test the possibility that  the ferric chloride 
per se had  a  deleterious  effect upon  the  muscle,  or  that  it  acted  de- 
structively upon some unknown  necessary constituent  in  the  experi- M.  GOETTSCH AND  A.  ~f. PAPPE~TM'ER  159 
mental diet, or that its presence in the diet resulted in the formation 
of some substance toxic for the muscle tissue. 
I.  Addition  of Wheat Germ Oil to Diet/&--Ten guinea pigs were given Diet 13 
plus a daily supplement, administered by pipette, of 6 cc. of orange juice and 8 
drops  (approximately 200  rag.)  of  wheat  germ oil.  This wheat  germ oil was 
assayed for vitamin E  content according to  the  technique of  Evans and  Burr 
(17).  When given on the day of positive mating, in a'single dose of 550 rag.  (a 
quantity equivalent to  1 drop of oil a  day for 22 days), it usually cured female 
TABLE IV 
Showing the Effect of the Addition  of Wheat Germ Oil to Diet 13 upon Guinea Pigs 
and Rabbits 
No. of animal 
G.P.  9  94 
G.P. o  ~ 114 
G. P. o  ~ 106 
G.P.  9  111 
G.P.  Q 130 
G.P.  9  103 
G. P. d' 108 
G.P.  9  97 
G.P.  9  96 
G.P.  9  112 
R.  6 
R.  8 
R.o  ~  13 
R.  ~  14 
R. cV  15 
Weight at 
beginning 
of experi- 
ment 
gm. 
415 
420 
630 
540 
490 
Daily 
dose e 
W.G.( 
mg. 
2OO 
2OO 
200 
20O 
2OO 
2OO 
2OO 
2OO 
2OO 
2OO 
450 
450 
450 
450 
450 
Extent of muscle lesion 
D~  ~r ss  [  Micro- 
[ormal  Norma 
_[_ 
formal  ',i 
t-++  +++- 
[ormal [  -4- 
"  [  :k 
"  ++ 
F++  I +++  I +++ 
k++  ]+++- 
Lung 
infection 
++++ 
+ 
Normal 
+ 
Normal 
+++ 
+++ 
++++ 
Normal 
Remarks 
Killed 
Moribund, killed 
Died 
Moribund, killed 
 i:d 
Moribund, killed 
Died  ' 
Mofi,  bund, killed 
rats that had been proved to have resorptions.  Cures were invariably obtained 
with single doses of 1.1 gin. (an amount equal to 2 drops of oil a day).  The guinea 
pigs, therefore, received from four to eight times as much wheat germ oil daily 
as was found necessary to cure the rats, although their body weight was only two 
to three times as great; and furthermore, the oil was administered from the day of 
weaning, so that the total amount given was in considerable excess of that required 
by rats. 
As is shown in Table IV, of the ten guinea pigs on the vitamin supplemented 
Diet  13,  four did not survive very long and showed normal muscles at death. 160  NUTRITIONAL  MUSCULAR  DYSTROPHY 
Guinea Pigs 103 and 108, dying on the 59th and 75th days, had in sections, occa- 
sional necrotic fibers with little cellular reaction.  The  other four guinea pigs, 
which lived from 48 to 233 days, presented very striking and widespread muscular 
lesions. 
Chart 3 illustrates not only the similarity of the growth curves of animals of this 
group to those of animals showing characteristic muscle dystrophy on Diet  13, 
but also the great individual variation among them. 
IVI~. 
iW  ~.~  i  i  i  i  i  I 
~1o8 
SJZ2 
I  l  J  i  J 
CH~.RT 3.  Growth curves of guinea pigs on Diet 13 with the daffy supplement 
of 6 cc. of orange juice and 200 rag. (8 drops) of wheat germ oil. 
A.  Composite growth of 770 normal male guinea pigs from data of Wright (2). 
B.  Composite growth curve of three males and four females on the stock diet 
of oats, bran, and greens. 
Table IV also includes data from five rabbits on Diet 13 plus 6 cc. of orange juice 
and 450 rag. of wheat germ oil.  Without exception, they exhibited characteristic 
symptoms and severe gross and microscopic lesions in the muscles, in the same 
length of time as the group without the wheat germ off supplement. 
2.  Effect of a Simplified Food Diet with and without Vitamin E upon Guinea Pigs. 
--An attempt was made to study the possible r61e of vitamin E  deficiency in the 
development of the muscular dystrophy by placing guinea pigs upon a  simplified 
diet deficient in this factor.  The diet consisted of 27 per cent casein, 59 per cent M.  GOETTSC~I  AND  A. M.  pAPPENHEIM-ER  161 
corn-starch, 8 per cent lard, 4 per cent McCoUum salt Mixture 185 (19), 8 per cent 
Fleischmann's bakers' dried yeast, and 2 per cent cod liver oil, and was found to be 
adequate for rats except in its vitamin E content. 
When this diet with 6 cc. of orange juice was  given  to fourteen  young  guinea 
pigs, half of them altogether refused to eat it, and the other seven made very poor 
gains in weight and were in an evident state of malnutrition.  Five survived for 
only 11  to 45 days and had normal muscles at autopsy.  Of the remaining two, 
No. 89 lived for 139 days.  It never exceeded a  weight of 275  gin.  At autopsy 
A  / 
~t~  C~ur 
~US 
-,,,~  i  I  I  I  I  I  I  I  ~  I  a  I  I  I 
Ca~T 4.  Growth curves of guinea pigs on Diet 11 and 3 or 6 cc. of orange juice 
daily. 
A.  Composite growth curve of 770 normal male guinea pigs from data of Wright 
(2). 
B.  Composite growth cuve of three males and four females on the stock diet 
of oats, bran,  and  greens. 
the muscles were reduced in bulk, red, dry, and not very contractile.  Microscopi- 
cally there was great atrophy with fibrous replacement; degenerating fibers were 
still numerous.  The masseter as usual was relatively normal.  The picture was 
identical with that seen on Diet 13, when the animal survived for a corresponding 
period.  The other animal, No. 92, had been given 200 rag. of wheat germ oil in 
addition to the simplified diet and orange juice.  It survived for 318 days, reach- 
ing a maximum weight of 440 gin.  The muscles at autopsy showed only occasional 
necrotic and calcified fibers. 162  NUTRITIONAL  MUSCULAR DYSTROPHY 
The unsuitability of this diet for maintaining the guinea pigs in a satisfactory 
state of nutrition did not justify further experimentation. 
3.  Effect of Untreated  Diet 11  upon Guinea Pigs and Rabblts.--Litter mates  of 
the guinea pigs on Diet 13 were maintained on the untreated Diet 11 with 3 or 6 
cc. of orange juice a day.  As shown in Chart 4, they grew at a normal rate for 
a  longer period of time than the animals on Diet 13, most of them attaining a 
weight of 550 gra.  In the earlier experiments, the controls were actively growing 
and apparently in excellent condition at the time that their litter mates were dying 
TABLE  V 
Showing  the  Effect  of Diet  11  upon  Guinea  Pigs  and  Rabbits 
No. of animal 
G. P. cP  84* 
G.P.C  79 
G. P. C  82* 
G.P.  9  87* 
G.P.  Q  73 
G.P.  9  75 
G.P.  9  118 
G.P.  9  121 
G. P. o  ~ 125 
G.P.  9  126 
G. P. o  ~ 128 
R.  7 
R.  9 
R.  9  19 
R.C  20 
R.C  21 
Weight  Extent of muscle lesion 
at  Days 
begin- 
r,Jng of  on 
•  diet  expert-  Gross  Microscopic 
ment 
gm. 
38  Normal  Normal 
58  "  Not examined 
62  "  Normal 
61  "  ]  " 
75  .... 
141  ++  q-++ 
165  Normal  + 
145  +-4-  -4-++-t- 
107  Normal  ++++ 
133  q--I-  ++-4-+ 
87  +++  ++++ 
475  30  Normal  Normal 
340  32  "  + 
610  59  +++  !  -4-++ 
590  56  +++  !  +-b++ 
500  56  +++  !  +++ 
i 
Lung infection 
? 
Normal 
? 
? 
+ 
Normal 
? 
+ 
Hemorrhage 
Normal 
tc 
tc 
+++ 
Normal 
++ 
++ 
Remarks 
Biopsy 
Killed 
Biopsy 
Killed 
Died 
Biopsy, still alive 
Moribund, killed 
Died 
Moribund, killed 
Killed 
t¢ 
Died 
Moribund, killed 
Died 
* Whole wheat substituted for bran in Diet 11. 
of  the  muscular dystrophy.  Upon microscopic examination  during this  stage 
their muscles revealed no lesions.  Those animals however, which were allowed 
to survive for a sufficiently long period on Diet 11, developed flabbiness, muscular 
weakness, and a break in the growth curve, followed by rapid decline and death. 
At autopsy they showed  very characteristic gross  and microscopic lesions in the 
muscles. 
Table V shows that five guinea pigs, killed after 31 to 75 days on the diet, had 
normal muscles, while six, that were allowed to survive as long as possible, showed 
well defined and extensive muscular dystrophy. M.  GO:ETTSCtt  AND  A.  ~I.  pAPPENIIEI~rER  163 
In rabbits the onset and severity of the muscular disorder was found to be the 
~ame for animals on the untreated Diet 11 as on Diet 13.  Table V includes five 
rabbits, four of which had typical symptoms, gross lesions, and extensive alterations 
in the muscle.  The fifth one, Rabbit 7, was killed after 30 days on the diet, before 
it had exhibited any symptoms. 
The similarity in the growth curves of rabbits on Diet 11 and on Diet 13 with 
and without wheat germ oil, shown in Chart 5, illustrates the ineffectiveness of 
vitamin E administration in controlling the muscular disorder. 
D.'~rl"  15  ~£gT  15  ¸ 
•  3c¢.  O.:U,.VCL J~,r,I  3¢c.  08,urw4  ,,rczcJg 
•  150,M¢~  ~;'.mr,  a~Qzp.M  OXZ, 
~0-  I 
t~ 
i 
DI~?  11 
3d:¢.Os.~teeZ ,1"~¢Z 
*--,ffs -~ 
C~mgr 5.  Growth curves of rabbits on Diet 13 and 3 cc. of orange juice, with and 
without a daily supplement of 450 rag. of wheat germ off; and of rabbits on un- 
treated Diet 11 and 3 cc. of orange juice. 
It seems evident that the addition of vitamin E  to Diet 13 failed to 
protect guinea pigs and rabbits against muscular dystrophy, and that 
the ethereal ferric chloride treatment of the  diet plays no r61e in the 
production of the lesions. 
The  possible  protective  effect  of  green  foodstuffs  is  now  being 
investigated. 
CONCLUSIONS 
A  diet  is described,  which leads  to a  progressive, highly selective, 
and  ultimately  fatal  dystrophy  of  the  voluntary  muscles.  Guinea 164  NUTRITIONAL MUSCULAR DYSTROPHY 
pigs  and  rabbits  are  susceptible,  rats  resistant.  The  diet  used  is 
complete in known requirements, except for vitamin E; the addition 
of this factor, however, does not prevent the development of the dis- 
ease.  The lesions are not due to inanition, infection, or scurvy, and 
must be referred to some still unknown factor. 
It is a pleasure to acknowledge the continued interest and advice of 
Dr. H. T. Clarke and Dr. G. L. Foster in this investigation. 
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EXPLANATION OF PLATES 
PLATE 18 
FIG. I. Guinea Pig I26.  133 days on Diet II plus orange juice.  Section of 
abdominal  muscles,  ~howing hyaline necrosis of fibers, with segmentation and 
disruptions. 
Fxo. 2.  Rabbit 1.  14 days on Diet 13 plus orange  juice.  Necrotic  fiber in 
center.  Marked proliferation of muscle nuclei between still intact fibers. 
Fie. 3.  Rabbit 20.  56 days on  Diet 11.  Invasion of necrotic fiber by poly- 
morphonuclear leucocytes. 
FIG. 4.  Rabbit 1.  14 days on Diet 13 plus orange juice.  Regenerating fibers. x¢. GOETTSCH  AND  A. M. PAPPENIIEI3~fK.R  165 
PLATE 19 
FIO. 5.  Guinea Pig 113.  51 days on Diet 13 plus orange juice.  Extreme de- 
generation and loss of muscle fibers, multiplication of muscle nuclei, and formation 
of large multinudeate  plasmatic masses. 
FIo. 6.  Rabbit 15.  55 days on Diet 13 plus wheat germ oil.  Calcification of 
necrotic fibers. 
FIo. 7.  Guinea Pig  109.  218  days on Diet  13.  Quadriceps femoris muscle, 
showing extreme atrophy of muscle fibers and replacement with adipose tissue. 
Fxo.  8.  Guinea Pig 58.  122 days on Diet 13 plus 3 cc. orange juice.  Section 
through incisor root, showing normal pulp, odontoblasts, predentine, dentine, and 
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